cTeatheterization performed for diagnostic studies, 18 patients were found who showed evidences of a ventricular septal defect with an associated patent ductus arteriosus. Four additional patients with this combination of lesions were discovered in a review of our files. In a survey of the literature isolated or unsubstantiated reports of such an association were found,1-5 but no sizable groups of patients with ventricular septal defect and patent ductus arteriosus have been reported.
It therefore seemed worthwhile to describe the clinical and hemodynamic characteristics of these 22 patients and to discuss the therapeutic implications of this eombination of lesions.
Materials and Methods Twenty-tv-o patients in whom the presence of a ventricular septal defect and a patent ductus arteriosus could be proved by cardiac catherization form the basis of this report. Two had associated coaretation of the aorta (nos. 2 and 3), and 3 additional infants showed evidences of mild or m-oderate pulmonic stenosis (nos. 11, 14, and 22).
The patients' ages ranged from 2 months to 20 years and 4 were under 1 year (table 1) . There were 13 girls and 9 boys in the group. All patients had been admitted to the Sharon Cardiovascular Unit of the Children's Medical Center. All were examined by at least one of the authors.
Several 12-lead electrocardiograms were obtained These studies were conducted uinder grants fromii the American Heart Association and from the :National Hleart Institute of the UJ.S. Public Health Service, Grant in each case. The tracings taken at the time of cardiac catheterization were analyzed in detail and the others were used for comparison. Roentgenograms (posteroanterior and oblique) were obtained on all patients, and fluoroscopic examinations were performed in the Radiology Department of the Children's Medical Center. Right heart catheterization by the technic previously described6 has been performed in all patients, and eineangiograms, indicator-dilution curves (with indoeyanine-green) and retrograde catheterization of the left ventricle were performed in selected individuals. Five patients had catheterization studies before and after surgical correction; 3 had 3 catheterization studies each, but 1 of these (no. 1) had not been studied prior to the division of his patent ductus arteriosus.
Postmortem examinations were available in 2 patients.
Observations Clinical History
The gestational history was possibly significant in 3 instances: the mothers of 2 children had rubella and 1 had "Asian flu" in the first trimester of pregnancy. Five of the infants were born prematurely.
Feeding difficulties, failure to thrive, and dyspnea were the presenting symptoms. Eight patients had at least 1 episode of pneumonia and 11 others had frequent upper respiratory infections. Congestive heart failure was diagnosed in 9, and 7 of these were under 8 months of age.
Physical Examination
On physical examination, it was obvious that these patients were grossly undernourished; only 1 was above the tenth percentile on the developmental weight chart. The retardation in height was somewhat less striking, but only 6 were above the tenth percentile for height.
VENTRICUlIAR SEPTALI DEFECT WVITII PATENT DUCTUS The size of the left-to-rioht shunit through thie defects was u-suLallv ap)preeial)e. A11 but onie hlad a pulmoniary: systeinie flowv ratio of at least 2:1 anid mnany raniged ul) to 5:1 (the laek of accuracyv of these high pulnmonary flowvs is obvious). Cal defect, the presence of an ductus arteriosus may be strongly suspected at the bedside if the pulse pressure is over 50 mm. Hg. The character or location of the murmur is of no significance in the small infant but in children the maximal location of the murmur higher up along the left sternal border and the occasional suggestion of a continuous character may be of some assistance. The electrocardiograms were, on the whole, indistinguishable from those with isolated ventricular septal defects, but the roentgenograms were helpful in that almost all of these patients had some left atrial enlargement and the majority showed a prominent main pulmonary artery segment.
Since Careful hemodynamic studies are crucial in the diagnosis of these 2 lesions. At the ductal level passage of the catheter establishes the diagnosis, or an increase in oxygen saturation greater than 5 per cent in comparison to the right ventricular blood strongly suggests the presence of a patent ductus arteriosus. The great majority of the ventricular septal defects were diagnosed by an increase in the oxygen saturation of 10 per cent or greater at the ventricular level. Almost all had pulmonary artery hypertension.
Thirteen patients had surgical intervention; 9 had only closure of the patent ductus arteriosus alone and 4 had complete repair of the lesions. In the former group there were 2 deaths and 2 improved significantly. In the latter group there were 2 surgical deaths and 2 were markedly improved. The 2 surgical deaths appear to be directly related to the massive hemorrhage through the unsuspected patent ductus arteriosus while on cardiac bypass and the subsequent technical difficulty of closing both defects from an anterior thoracotomy.
The relationship of calculated pulmonary vascular resistance to surgical closure of the defects is discussed.
It is suggested that if the patent ductus arteriosus is diagnosed on the basis of a typical machinery murmur, correction of this lesion is indicated, irrespective of the associated ventricular defect. If, on the other hand, the clinical picture is suggestive of a ventricular defect alone and the presence of the combination of lesions is discovered only at catheterization, then simultaneous correction of the 2 lesions is recommended. In small infants in whom the combined operation is particularly difficult at the present time, a 
